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Background: The treatment of noncommunicable diseases (NCD), like coronary heart disease or type 2 diabetes
mellitus, causes rising costs for the health system. Physical activity is supposed to reduce the risk for these diseases.
Results of cross-sectional studies showed that physical activity is associated with better health, and that physical
activity could prevent the development of these diseases. The purpose of this review is to summarize existing
evidence for the long-term (>5 years) relationship between physical activity and weight gain, obesity, coronary
heart disease, type 2 diabetes mellitus, Alzheimer’s disease and dementia.
Methods: Fifteen longitudinal studies with at least 5-year follow up times and a total of 288,724 subjects (>500
participants in each study), aged between 18 and 85 years, were identified using digital databases. Only studies
published in English, about healthy adults at baseline, intentional physical activity and the listed NCDs were
included.
Results: The results of these studies show that physical activity appears to have a positive long-term influence on
all selected diseases.
Conclusions: This review revealed a paucity of long-term studies on the relationship between physical activity and
the incidence of NCD.
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Especially in the last century, most Western countries
have experienced significant demographic changes with
a continuing increase in the number of older people
who face medical and functional challenges, as well as
diseases that are age-specific but have often originated
in people’s younger years [1-4]. Most of these diseases
including obesity, cardiovascular heart diseases (CHD)
or type 2 diabetes mellitus are caused by civilisation
[1,2,5]. The World Health Organisation has identified
these three diseases as the most severe noncommunicable
diseases (NCD) causing problems in today’s Western world
[6]. Noncommunicable diseases are mostly diseases of slow
progression and normally of long duration. The WHO
identified for main types of NCDs: cardiovascular diseases,
cancer, chronic respiratory diseases and diabetes [7].* Correspondence: miriam.reiner@kit.edu
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reproduction in any medium, provided the orMost NCDs primarily result from unhealthy lifestyles
including the consumption of too much or unhealthy
food [1,6,8,9], too much alcohol [1,8,10] and excessive
smoking habits [1,8,11], combined with physical inactivity
[1,2,8,12]. More specifically, inactivity and unhealthy
eating habits are associated with weight gain, overweight
and obesity are the major underlying causes for modern
diseases such as CHD or type 2 diabetes mellitus [13-15].
Many cross-sectional and intervention studies have fo-
cused on the relationship between an unhealthy lifestyle,
e.g. physical inactivity, unhealthy eating behaviour, smok-
ing and alcohol consumption, and diseases in different
study groups, e.g. high risk groups or different age groups
[14]. All in all, cross-sectional studies suggest that physical
activity may be an important factor for improving the
general health and preventing the development of among
others the above mentioned NCDs [1]. Because NCDs
develop, not only by definition, over a long period of
time and may have many causes, understanding the
development of these diseases and their association withLtd. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
iginal work is properly cited.
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developing long-term prevention programs and guidelines.
To investigate the development of these diseases, longi-
tudinal studies with healthy persons, i.e. persons without
obvious diseases at baseline examination, and a long
term epidemiological view are necessary. It is important to
follow the general population and not specific subgroups,
e.g. high risk groups, persons with indications of NCD
(e.g. hypertension or obesity / high body weight) or top
athletes, to discover the general progression of the re-
searched complaints in the general population.
Although these diseases are very prominent in many
western countries, only few longitudinal studies exist that
focus on their development during a person’s lifetime
and their association with other habitual factors such
as physical activity.
Many cross sectional studies have researched the rela-
tionship between physical activity and health outcomes -
these results are summarized in quite a number of reviews.
As opposed to this, only few long-term studies about
the effect of physical activity on diseases exist, and to
date there are no reviews that concentrate on long-term
results in an epidemiologic view.
Therefore, the purpose of this article was to review
long-term effects of physical activity on the development
of weight gain and obesity, CHD and type 2 diabetes
mellitus in healthy adults.
Furthermore, dementia and Alzheimer’s disease, two
diseases which are of rising importance in modern soci-
eties and which develop over a long period of time, are
regarded in the context of the long-term influences of
physical activity. There is some evidence which indi-
cates that physical activity has a positive effect against
the development and progress of these two diseases.
Methods
To determine the importance of physical activity for the
above described common health problems [8], only stud-
ies investigating the effect of physical activity on weight
gain and obesity, CHD, type 2 diabetes mellitus and
dementia and Alzheimer’s disease were included in this
review. We searched the electronic databases Pubmed,
BASE and OVID for articles published between January
1980 and May 2012 using the following search terms
(without “and” or “or” and with longitudinal as well as
long-term as a keyword to reduce the selection to such
studies alone): “longitudinal / long-term, physical activity,
adult” (3708 articles); “longitudinal / long-term, phys-
ical activity, adult, weight gain” (180 articles); “longitu-
dinal / long-term, physical activity, adult, obesity” (483
articles); “longitudinal / long-term, physical activity, adult,
CHD / coronary heart disease” (224 articles); “longitudinal /
long-term, physical activity, adult, t2dm / type 2 diabetes
mellitus” (87 articles); “longitudinal / long-term, physicalactivity, adult, dementia” (103 articles); and “longitudinal /
long-term, physical activity, adult, Alzheimer’s disease”
(60 articles) (Figure 1 Selection criteria and number of
excluded and included papers / studies.).
From these studies, only longitudinal studies with five
or more years of follow-up time were included to show
the intermediate to long-term effects of physical activity
rather than short-term effects of physical activity. In
addition, only studies involving adults were included to
show the disease development in adulthood and old age.
To show the development in the general population, not
in subgroups, only large epidemiological studies with more
than 500 participants were included.
Further, only epidemiologic longitudinal studies involv-
ing healthy adult participants at the baseline examination
were included to determine the impact of normal daily ac-
tivities performed by the general population. Clinical trials,
cross-sectional studies, studies involving patients, and re-
views and overviews were excluded. Publications using the
same study population were included as long as they held
more information or investigated other topics as well.
Only those studies were included that referred to intent-
ional physical activity, e.g. playing soccer, or intentional
activities of daily living, e.g. take the bike for shopping,
to determine the impact of leisure time physical activity
in the general population. Instead of this, activities of daily
living, that are necessary to live a normal self-determined
life, e.g. getting up from a chair or climbing stairs, are
excluded.
Finally only studies published in English were included
in this review.
Results
Overall, 4,845 articles were identified with our search
strategy; of these, 4,827 were excluded from the review
(Figure 1) because of the above mentioned reasons. A total
of 292,278 subjects were involved at baseline (268,885
subjects at follow-up). Four publications, involving 17,329
subjects, studied the effect of physical activity on weight
gain and obesity [16-19]. Six publications, involving
134,188 subjects, investigated the effect of physical
activity on CHD [20-26]. Five publications, involving
84,647 subjects, studied the effect of physical activity on
type 2 diabetes mellitus [27-31]. Six publications, involving
15,006 subjects, investigated the effect of physical activity
on Alzheimer’s disease and dementia [32-37]. Some stud-
ies included more than one disease accounting for the
discrepancy in the overall number of subjects and in-
cluded studies. The maximum follow-up time ranged
from 6 to 60 years.
Effect of physical activity on weight gain and obesity
Overall, the studies included in this review showed a
negative relationship between physical activity and weight
Figure 1 Selection criteria and number of excluded and included papers/studies.
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marises the examination data and the used survey sizes
for the included studies on the long-term relationship
between physical activity and weight gain and obesity.
An important study analysing the development of
obesity depending on physical activity is the Aerobics
Center Longitudinal Study (ACLS) conducted by the
Cooper Clinic, Texas [16]. Between 1970 and 1998,
DiPietro et al. [16] examined 2,501 healthy men aged
between 22 and 55 years at baseline and five years later.
The daily physical activity level was negatively related
to the weight gain during the follow-up time. Those
people who reduced their daily physical activity level
gained a considerable amount of weight, while those
people who maintained the same level of activity during
the study did not gain weight. Further, those people
who increased their physical activity level during the
study experienced weight loss. DiPietro et al. [16]
reported that a daily physical activity level with a meta-
bolic rate of at least 60% above the resting metabolic
rate is necessary for losing weight. Hence 45 to 60
minutes of brisk walking, gardening or cycling should
be included in the daily routine to maintain weight in
middle-aged men.
Gordon-Larsen et al. [17] investigated the relationship
between walking and weight gain. In the Coronary Artery
Risk Development in Young Adults (CARDIA) Study, theyexamined 4,995 women and men aged between 18 and
30 years at baseline (1985/1986) who were re-examined
2, 5, 7, 10 and 15 years later. After 15 years, there was
a negative association between 30 minutes walking per
day and weight gain depending on the percentile of
baseline weight. Data for people in the 25th percentile of
baseline weight showed no significant relation between
walking duration and weight gain. In contrast, data for
people in the 50th percentile of baseline weight revealed
that for every 30 minutes of daily walking the weight gain
was 0.15 kg per year less for men and 0.29 kg per year less
for women. Finally, data for people in the 75th percentile
of baseline weight showed the smallest weight gain: for
every 30 minutes of walking per day, men reduced their
weight gain by about 0.25 kg per year and women by
about 0.53 kg per year without making any other changes
to their habitual lifestyle. Hence, the results of this study
indicate that participants with a higher baseline weight
benefit more from being physically active (for instance,
for women: the total weight gain in 15 years was 13 kg for
inactive women compared to only 5 kg for active women).
Hankinson et al. [18] used the same study population
(CARDIA) to investigate the physical activity level in
relation to a 20-year weight gain. Of 1,561 men and
women, those with high habitual activity at the 20-year
follow-up had a smaller increase in mean BMI, waist
circumference and weight per year compared than those
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higher activity gained 2.6 and 6.1 kg less weight over
the 20-year period than men and women with low activity,
respectively. In addition, the results of that study indicated
that women benefit more from maintaining a higher
physical activity level than men and that maintaining
higher activity levels during adulthood may lessen weight
gain during the course of their life.
The Copenhagen City Heart Study by Petersen, Schnohr
and Sorensen [19] linked cross-sectional and 10 year long-
term analyses, to determine the development of weight
gain. They examined 3,653 women and 2,626 men at three
measurement points at 5-year intervals. The participants
were aged between 20 and 78 years at baseline. Results
of the three cross-sectional examinations (1st at baseline,
2nd after five years, 3rd after 10 years) also showed a
negative relationship between physical activity and
weight. The preventing effects of medium leisure time
physical activity (LTPA) on obesity were lower than
those of high LTPA for both genders. The longitudinal
analysis revealed a significant direct correlation between
the level of LTPA and the risk of becoming obese for
men but not for women. In contrast to the results of the
cross-sectional analysis, the more active participants had
a higher risk of becoming obese. Moreover, the results
of that study indicate that obesity may lead to physical
inactivity.
Therefore, the results of the first three studies [16-18]
suggest a negative correlation between physical activity
and weight gain after several years of follow-up (greater
physical activity leads to less weight gain). In contrast,
the fourth study [19] provided evidence that being more
physically active leads to a greater risk of becoming
obese. They suggest that obesity influences the develop-
ment of physical inactivity; however they did not discuss
possible causes and effect relations. These results raise
the question of the causality of the relationship between
physical activity and weight gain. Detailed information,
results and limitations of each study are presented in
Additional file 1: Table S1.
Effect of physical activity on coronary heart disease (CHD)
Of all modern diseases, coronary heart disease (CHD) has
received the most scientific scrutiny. Overall, most studies
reported a negative relationship between physical activity
and the occurrence of CHD for physical activity levels
above the minimum energy expenditure. Additional file 2:
Table S2 summarises the examination data and the used
survey sizes of the included studies addressing the longitu-
dinal relationship between physical activity and coronary
heart diseases.
In 1948, the National Heart, Lung and Blood Institute
founded by Kannel et al. established the Framingham
Heart Study. This research group investigated the generalcauses and the development of coronary heart disease
in 5,209 men and women, aged 30 to 62 years at baseline
[38]. The results revealed a negative association between
the physical activity level and the emergence of CHD
events and overall cardiovascular mortality [38-40].
Lee and Paffenbarger [20] compared the results of
the Framingham Heart Study with data for 18,835
men who graduated from Harvard University between
1916 and 1950 and established the Harvard Alumni
Health Study. In five mail-back surveys, researchers
investigated the association between physical activity
and stroke [20] and other CHD [21].
The relationship between energy expenditure and the
incidence of stroke showed a u-shape pattern [20].
Specifically, spending at least 2,000 to 3,000 kcal add-
itional energy per week on physical activity was neces-
sary for reducing the risk of stroke. These results were
reassessed for all CHD [21] in 12,516 Harvard Alumni
over the course of 16 years (from 1977 through 1996).
For CHD in general, the relationship between energy
expenditure and the incidence of CHD showed the same
u-shape pattern but the curve was shifted towards
lower additional energy expenditure: spending at least
1,000 kcal additional energy per week on physical activity
was necessary to reduce the risk of CHD. Hence, moder-
ate to vigorous additional physical activity of about 2,000
to 3,000 kcal (min. 1,000 to 2,000 kcal) per week appear to
reduce the overall risk for CHD, stroke and other diseases
(e.g. hypertension).
Comparable results were also reported by the Honolulu
Heart Program [22,23] including 8,006 men of Japanese
ancestry aged 45 to 68 years at baseline who lived in Oahu,
Hawaii. After 16 years, the physical activity reported at
baseline was negatively related to CHD events and
mortality. However, it is important to note that these
results were partially mediated through the effects of
hypertension, diabetes mellitus, cholesterol and BMI.
The studies cited in the next section had similar results
but also featured the following additional findings.
The Alameda County Health Study by Kaplan et al.
[24] reported the dependency of CHD mortality on
several health factors and behaviour by quantifying the
relative risks of various covariates (age, sex, perceived
health, mobility impairment, heart problems, high blood
pressure, diabetes mellitus, shortness of breath, current
smoking, low BMI and social isolation) in 6928 men and
women. After including all covariates, a protective effect
of LTPA is still noticeable.
Gillum et al. [25] investigated the relationship between
physical activity and stroke incidence in The National
Health and Nutrition Examination Study I Epidemic
Follow-Up Study on 5,852 persons aged 24 to 74 years
at baseline and reported comparable results as above
studies [20-23]. However, while the u-shaped relationship
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confirmed for men, for women greater physical activity
was negatively linearly associated with the incidence of
stroke. In addition, recreational physical activity was
not associated with the incidence of stroke in African
American subjects, yet a significant interaction between
heart rate and the incidence of stroke was observed only
for African American subjects. The authors provided
limited discussion of these differing results between
Caucasian and African Americans.
To investigate the link between obesity and associated
diseases, Li et al. [26] quantified the relative risk of
developing CHD dependent on obesity and physical
activity. They followed 88,393 Nurses aged 34 to 59 in
their Nurses’ Health Study from 1980 to 2000. Being
overweight and obese was significantly associated with
increased risk of CHD. In addition, increased levels of
physical activity were related to a graded reduction in
CHD risk. Further, greater absolute mass (in kg) gained
during adulthood predicted a higher CHD risk. The
study concluded that obesity and physical inactivity
contribute independently to the development of CHD
in women.
Overall, all studies included in this review section showed
a predicted negative relation between physical activity
and the risk of CHD over time. Two studies [20,21]
showed that a minimum additional energy expenditure of
1,000 to 2,000 kcal per week is necessary to achieve health
related results. Limitations of these studies comprise
the inclusion of very specific and selected participants
(e.g. Harvard Alumni in the Harvard Alumni Heart
Study and Nurses in the Nurses’ Health Study). In
addition, these results cannot be generalized for the
general public because of the selected social and ethnic
backgrounds of participants and unbalanced gender
distributions. In addition, most studies used Caucasian
subjects alone. Hence, additional research on other ethnic-
ities is necessary to obtain generalizable results. Moreover,
the summarized studies were not designed to clarify
the causality of the relationship between physical activ-
ity and CHD events. Additional research on the impact
of other lifestyle factors as mediators or moderators of
the relationship between physical activity and CHD is
necessary. Detailed information, results and limitations of
each study are presented in Additional file 2: Table S2.
Effect of physical activity on type 2 diabetes mellitus
While the incidence of type 2 diabetes mellitus in older
people has increased rapidly [1], all studies reported a
negative relation between physical activity and the risk
of type 2 diabetes mellitus. Additional file 3: Table S3
summarizes the results of the included studies that in-
vestigated the long-term relationship between physical
activity and type 2 diabetes mellitus.In their Nurses’ Health Study involving 70,120 nurses
aged 40 to 64, which has been on-going since 1976, Hu
et al. [27] investigated the relationship between partici-
pants’ physical activity level and the development of the
relative risks for type 2 diabetes mellitus. Physical activity
was negatively related to the incidence of type 2 diabetes
mellitus even after adjusting for BMI where participants
with higher physical activity levels had a lower relative
risk of acquiring type 2 diabetes mellitus than those
who with a lower physical activity level.
Berenzen et al. [28] and Demakakos et al. [29] reported
generally comparable results in 653 men and women in
the Copenhagen City Heart Study and in the English
Longitudinal Study of Ageing covering different age
groups, respectively. In addition to the negative relation
between physical activity and the incidence of type 2
diabetes mellitus, Demakakos et al. [29] showed that
moderate to vigorous physical activity (performed at
least once per week) is necessary to achieve a positive
effect on health and to reduce risk of type 2 diabetes
mellitus. Stratifying their results by age revealed that with
increasing age a higher intensity per training session or
even several sessions per week are required to achieve
the same risk reduction.
A high body weight or obesity, often described by the
relation between body weight and body height (body
mass index—BMI), and socioeconomic status are strong
covariates for the relationship between physical activity
and the incidence of type 2 diabetes mellitus. For instance,
Katzmarzyk et al. [30] analysed the association between
obesity, physical activity, cardiorespiratory fitness and
the incidence of type 2 diabetes mellitus in their Physical
Activity Longitudinal Study involving 1,543 men and
women. Obesity and physical fitness, but not physical
activity, were significant predictors of the incidence of
type 2 diabetes mellitus. Mozaffarin et al. [31] added
lifestyle factors in their analysis of the risk of type 2
diabetes mellitus in 4,883 participants of the Cardiovas-
cular Health Study. Low-risk lifestyle factors included
physical activity above the median level, dietary score
in the upper two quintiles, having never smoked, no
alcohol, a body mass index below 25 kg/m2 and a waist
circumference below 88 cm for women or below 92 cm
for men. With every healthy lifestyle factor the incidence
for type 2 diabetes mellitus decreased by 35%. For people
scoring lowest (that is, were the healthiest) in every
lifestyle factor, an 82% lower risk for type 2 diabetes
mellitus was predicted compared to all other patients.
In addition, it was predicted that if these associations
were causal, 8 of 10 cases of type 2 diabetes mellitus
could be prevented.
All studies [28-31] reported a negative relationship
between physical activity and the incident risk of type 2
diabetes mellitus. However, there are other factors than
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of type 2 diabetes mellitus. For instance, the results of
the Physical Activity Longitudinal Study by Katzmarzyk
et al. [31] suggest that not only the presence or absence
of physical activity is a determining health factor but
that the level of obesity and physical fitness also has an
influence on the relationship between physical activity and
the state of health. However, it is difficult to confirm these
conclusions because of the small number of longitudinal
studies that consider physical fitness and other lifestyle
factors. In addition, the precise mechanism of how phys-
ical activity acts to reduce the risk of type 2 diabetes
mellitus, such as through altered insulin sensitivity or
altered insulin production, is still unknown.Effect of physical activity on Alzheimer’s disease
and dementia
The relationship between physical activity and dementia,
particularly Alzheimer’s disease, is important for the gen-
eral public because the incidence of dementia increases
with increasing age [1]. Additional file 4: Table S4 summa-
rizes the results of the included longitudinal studies on
the relationship between physical activity and Alzheimer’s
disease and dementia.
The few existing studies [32-37] found that physical
activity is negatively related to the incidence of Al-
zheimer’s disease and dementia in healthy men and
women. Physically active people are at a lower risk of de-
veloping cognitive impairment and have a higher cognitive
ability score. Interestingly, activities with low intensity,
such as walking, are negatively related to the incidence
of dementia and Alzheimer’s disease [32]. These results
indicate that regular physical activity may be an important
and potent factor preventing cognitive decline and demen-
tia in healthy older people. Most studies on Alzheimer’s
disease and dementia originate in the field of Psychology.
The link between physical activity and Alzheimer’s disease
and dementia in healthy participants at baseline has only
been reported in very few studies [32-37], further empha-
sizing the overall lack of studies and specifically the lack of
long-term studies that include people without dementia or
Alzheimer’s disease. Most studies included people who
had already been diagnosed with dementia or Alzheimer’s
disease to research the development of the diseases. De-
tailed information, results and limitations of all included
studies on physical activity and Alzheimer’s disease and
dementia are presented in additional file 4: Table S4.Discussion
The results of the reviewed studies indicate that physical
activity seems to be an important factor that can have
beneficial effects for the reviewed noncommunicable dis-
eases weight gain and obesity, CHD and type 2 diabetesmellitus, the risk factors weight gain and obesity and the
age-related diseases dementia and Alzheimer’s disease.
Two of the three longitudinal studies with at least 5-
year follow-up focusing on the development of obesity
over time showed a negative relationship between physical
activity and obesity [16,17]. Surprisingly, results of one
study indicated that high leisure-time physical activity
increased the risk of becoming obese in the following
ten years for men [19]. The reason for this remains un-
explained. Overall, the results of the studies included in
this review are inconclusive regarding the required
minimum level of physical activity for preventing obesity.
There is no evidence for the type, intensity and frequency
of activities that lead to positive health results.
Several studies [20-26,38] investigated the longitudinal
effect of physical activity on the development of coron-
ary heart diseases. Overall, the results showed a positive
long-term effect where people who were physically
active had a lower risk of suffering from a CHD later in
their life. A minimum additional 1,000 kcal energy ex-
penditure per week spent on physical activity has been
found to be necessary for preventing overall CHD [21].
However, information on the type, intensity and frequency
of activities necessary for reducing the incidence of CHD
are unknown.
The results of studies [28-31] examining the effect of
physical activity on the risk of suffering from type 2
diabetes mellitus showed a negative relation where
higher rates of physical activity were associated with a
lower risk of developing a type 2 diabetes mellitus. A
higher level of physical activity appears to be required, that
is a higher intensity per training session or even several
sessions per week are needed, for achieving health benefits
[29]. Presumably, not only physical activity level but
also weight and fitness status, and their association, play a
role in the development of type 2 diabetes mellitus [30].
Finally, six studies [32-37] focused on the relationship
between physical activity and the incidence of dementia
and Alzheimer’s disease. Results of these studies empha-
sized the importance of regular physical activity, but no
information was provided about the type, intensity and
frequency of physical activity that has the greatest health
benefit.
However, several problems in the reviewed studies
have become apparent.
First: There are only few long-term studies on the rela-
tionship between physical activity and the incidence of
NCD, which stresses the general paucity of longitudinal
research in this area. More long-term studies, following
the development of diseases and the impact of lifestyle,
especially physical activity, are needed. Further longitu-
dinal studies are needed that differentiate between eth-
nic groups, genders and groups with different social
backgrounds. The results presented in this review only
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the incidence of NCD in western countries and mainly
for Caucasian participants. In addition, only adults were
included in these studies, and hence the results cannot be
generalized to other groups. Many age related diseases,
such as type 2 diabetes mellitus, CHD or certain types of
cancer, develop over a long time before they are diagnosed
by a physician. To identify this development in detail,
longitudinal studies involving healthy participants at base-
line should be conducted and these participants should
be followed into older age when the disease occurs. To
understand this lifelong development of NCD, studies
following children throughout their lifespan are desirable.
To the best of our knowledge, there are only very few
studies that follow children through their adolescence
into their adulthood [41,42]. The realization of this ap-
proach is very difficult, so the research should be as
long as possible and about different groups, e.g. different
age-related cohorts.
Second: However, more research is necessary on the
clinical picture and the development of NCD. Clearly, a
thorough insight into these aspects is a prerequisite for
the design and development of effective prevention pro-
grams. In addition, the relationship between physical
activity and the development of NCD must be better
understood including the role of other parameters, such
as, for instance, nutrition, body composition, alcohol
consumption and smoking behaviour. Indeed, results of
some of the included studies [17,18,20,21,23,24,26,27,
29,31-33,36,37] suggested that other factors including
eating behaviour and food intake, smoking habits and a
general activity level or disease specific risk factors
such as hypertension are involved in the correlations of
physical activity and health outcomes. It is almost im-
possible to explain the impact of just one factor, e.g.
just physical activity, on the development of a lifestyle
related complains like CHD - other factors are always
involved, e.g. genetic constitution, other diseases, for
instance obesity in the relationship with type 2 diabetes
mellitus, personal behaviour or individual factors, like
cognitive, motivational, volitional or emotional aspects.
Third: Most studies [16-24,26,27,29,31-38] only used
self-reported/estimated physical activity for measuring
participant’s physical activity. However, some studies
[30,43] (this study was excluded from the review because
they researched just physical fitness, not intentional
physical activity), showed that the correlation of physical
activity and health benefits are mediated through the
physical fitness level. The quality and relevance of find-
ings could be improved by the use of an objectively
assessed variable, such as the physical fitness level mea-
sured by a fitness test or the physical activity level moni-
tored by an accelerometer to become independent of
subjective estimates and social desirability [44]. Anotherlimitation of using self-reported physical activity alone is
the fact that most questionnaires only feature the actual
physical activity at the time of the examination, and
hence are unable to assess physical activity performed
between questionnaire administrations. However, this in-
formation is critical for determining the importance of
continuous physical activity in a healthy and active life-
style and its benefits for health [45,46].
The reviewed studies have shown that physical activity
could help in the prevention of non-communicable and
age-related diseases. The studies have shown that it is
necessary to include physical activity into prevention
programs for NCD and to inform the patients and the
population in general about its virtues. To achieve this, a
closer cooperation between physicians, research and sport
facilities is needed. Research and physical activity service
providers, e.g. gyms or sports clubs, health insurances
or public providers (e.g. adult education centers) have
to cooperate together to improve the general health. In
addition, the knowledge about the causes and the de-
velopment of modern diseases in the population should
be improved. Instead of treating with medicine alone,
physicians should advise patients to be more physically
active within their limits. Children and adolescents
should generally be encouraged to maintain a healthy
lifestyle throughout their lives. In addition, public
health projects that are targeted at improving the general
health during adulthood and older age should focus on
effective disease prevention starting during childhood.
It is important to highlight the limitations of this re-
view in order to provide a context for the results. First,
the assessment is limited to published work and may be
subject to publication bias. Second, the influence of sev-
eral confounders, as age, the lag between baseline and
follow-up, or attrition rate, could affect conclusions of
this review. Third, the work contained in this review is
limited to English-written journals and thus the results
cannot generalize to studies conducted and published in
other languages. Fourth, we included only studies with
more than 500 participants. Fifth, the literature reviewed
consisted of self-reported physical activity. Finally, the
review is limited to the search terms and data-bases
contained in our “Methods” section. Studies that have
not been abstracted with these key words will be missing
from our review.Conclusions
This review indicates the relative lack of epidemiologic
longitudinal studies on the effects of physical activity in
addition to non-communicable diseases. The presented
studies exclusively illustrate positive results. To the best of
our knowledge no other studies reporting no or negative
results over time exist.
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activity in addition to the presented non-communicable
diseases of a large number of adults within normal com-
munities, no studies with subsamples or unhealthy par-
ticipants alone were considered. This review just focuses
on studies with more than 500 healthy participants.
Other studies [e.g. 47] following smaller samples of par-
ticipants were not included in this review; however they
too contribute to the long term understanding of the
development of non-communicable diseases.
Overall, the results of the reviewed articles provide a
general view about the longitudinal relationship between
physical activity and the incidence of NCD and health
problems. Physical activity seems to be a relevant factor
for preventing age-related diseases; however more long-
term research is necessary.Additional files
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